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Introduction: Medical imaging is the main source of artiﬁcial radiation exposure. Evidence, however,
suggests that patients are poorly informed about radiation exposure when attending diagnostic scans.
This review provides an overview of published literature with a focus on nuclear medicine patients on
the level of awareness of radiation exposure from diagnostic imaging.
Methods: A review of available literature on awareness, knowledge and perception of ionising radiation
in medical imaging was conducted. Articles that met the inclusion criteria were subjected to critical
appraisal using the Mixed Methods Appraisal Tool.
Results: 140 articles identiﬁed and screened for eligibility, 24 critically assessed and 4 studies included in
synthesis. All studies demonstrated that patients were generally lacking awareness about radiation
exposure and highlighted a lack of communication between healthcare professionals and patients with
respect to radiation exposure.
Conclusion: Studies demonstrate a need to better inform patients about their radiation exposure, and
further studies focusing on nuclear medicine patients are particularly warranted.
Implications for practice: Adequate and accurate information is crucial to ensure the principle of informed
consent is present.
© 2019 The College of Radiographers. Published by Elsevier Ltd. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Exposure to ionising radiation is inherent in daily life and the
average worldwide exposure from all sources is ~3 mSv/year. Nat-
ural background radiation exposure contributes to ~2.4 mSv/year,
however this can vary greatly according to location as it originates
from a variety of sources such as cosmic rays, rocks and atmo-
sphere. Medical imaging and therapeutics is the largest man made
source of exposure and contributes to ~0.6 mSv/year.1
Diagnostic imaging and therapy have substantially improved
health care services and patient outcomes over the years. Integral
to diagnostic imaging is ionising radiation which is now relied on
heavily for patient diagnosis and treatment.2 Nuclear medicine
diagnostic and therapeutic applications have seen an increase in
the ﬁeld of medical imaging, with over 625,000 diagnostic and
therapeutic oncological and non-oncological procedures per-
formed each year in England alone.3o).
lished by Elsevier Ltd. This is an
sing radiation exposure fromNuclear medicine involves the use of radioactive material to
diagnose and treat different conditions by providing both structural
and functional analysis. The use of hybrid modalities such as
Single Photon Emission Tomography/Computed Tomography
(SPECT/CT) and Positron Emission Tomography/Computed To-
mography (PET/CT) have seen a rise in recent years, particularly in
developed countries and predominantly in the oncology ﬁeld,
leading to an increase in the whole body annual dose of patients.1,4
Nuclear medicine has been around for decades and despite its
growth, radiation exposure derived from nuclear medicine pro-
cedures continues to be a difﬁcult subject to explain to patients and
there are different opinions on how and when such explanations
should take place, and who should be communicating this to pa-
tients.5 Often the terminology and jargon used by medical staff is
not easily understood by patients which can lead to unnecessary
feelings of anxiety, fear and distress.6
Recent studies on patient awareness and knowledge of ion-
ising radiation exposure predominantly relate to radiology,
speciﬁcally to Computed Tomography (CT)7e11 and overall report
a lack of knowledge. At present, there is limited information onopen access article under the CC BY-NC-ND license (http://creativecommons.org/
medical imaginge A review of Patient's (un) awareness, Radiography,
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radiation.12e15 In “Communicating radiation risks in paediatric
imaging”1 the World Health Organization (WHO) states that the
lack of knowledge from healthcare professionals about radiation
protection together with underestimation of doses and associ-
ated risks of different procedures is a major barrier to effective
communication, which is central to patient centred care. The
WHO suggests a number of strategies to improve communica-
tion with patients, carers and peers. These strategies include the
use of common comparators such as X-rays or natural back-
ground radiation for each of the procedures alongside the
rational of procedure chosen and the risk and beneﬁts of po-
tential alternatives.
Recent studies evaluating the awareness and knowledge of
healthcare professionals including physicians, radiographers and
nuclear medicine technologists demonstrate that there is a lack
of awareness and knowledge about ionising radiation
exposure.16e21 A systematic review conducted in 2013 evaluated
14 peer reviewed articles and concluded there was a lack of
knowledge among physicians with a tendency to underestimate
the level of ionising radiation exposure from medical imaging,
including a lack of knowledge on which imaging modalities use
ionising radiation.16 A cross-sectional questionnaire study con-
ducted in 2010 in Hong Kong amongst medical doctors (physi-
cians, radiologists and interns) also reported similar results.
Physicians and radiologists had a tendency to underestimate
radiation doses with interns underestimating the radiation dose
in all questions. This study also reported that 93% of doctors
would not routinely offer a discussion to patients regarding
radiation exposure, and that 95% of patients would also not raise
these questions themselves.17 A focus group study in 201319
with clinicians demonstrated they would welcome more infor-
mation and guidelines to help them to initiate discussions with
patients and engage them in the informed decision-making
process.
With an increase in the number of medical imaging and
particularly nuclear medicine procedures, the number of studies
focusing or including nuclear medicine patients to assess their
awareness of radiation exposure remains unclear. This review was
conducted to present an overview of the most recent evidence on
patient awareness and knowledge on ionising radiation exposure
from medical imaging procedures that also included nuclear
medicine scans.
Methods
The review follows the guidelines of the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis Protocols
(PRISMA - P) 2015 statement.22 The literature review research
question was developed using PICOS: Population, Intervention,
Comparator, Outcome and Studies (Table 1), which enabled the
search strategy to be developed. The results of the search are
illustrated in the PRISMA ﬂow diagram (Fig. 1).Table 1
Population intervention comparator outcome and studies.
P-Population Patients undergoing diagnostic imaging procedures
(radiology and/or nuclear medicine procedures).
I-Intervention Ionising radiation exposure information verbally and/or
departmental leaﬂets.
C-Comparator Not Applicable
O-Outcome Obtain information on patient awareness and knowledge of
ionising radiation exposure from diagnostic imaging.
S-Studies Quantitative or Qualitative studies that include nuclear
medicine patients.
Please cite this article as: Ribeiro A et al., Ionising radiation exposure from
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The ﬁnal search was performed on the 21st of February 2018
using the recommended databases from the Cochrane Handbook23
Medline (EBSCO), EMBASE (OVID) and CINAHL. WEB OF SCIENCE
was also used, as this is a particularly relevant database for multi-
disciplinary topics. Only full articles, in English from 2010 onwards
were included, so that the most up to date research was accessed.
The subject or the title had to include at least three of the following:
Ionising radiation or radiation; patients or public; awareness or
knowledge or perceptions; medical imaging or imaging; Radiology
or radiologic; and nuclear medicine.
Full-texts studies identiﬁed in this way were screened; only
studies that included nuclear medicine patients were selected;
studies aimed at health professionals or the public in general were
excluded.
The review was conducted by two reviewers (AR and OH)
independently who later generated a consensus for the quality
score. The review was performed with adherence to the protocol in
order to minimize bias. Selected articles were critically assessed
using the Mixed Methods Appraisal Tool (MMAT).24 This particular
tool was considered the best ﬁt for the nature of the review since it
is designed to critically appraise a variety of study designs.
Thematic analysis of selected studies was performed and codes
were selected from results, discussion and conclusion sections of
included studies. These were further developed into themes and a
global theme.25Results
The computerised search identiﬁed 160 articles after duplicates
were removed 140 articles remained and a further 116 articles did
not meet the inclusion criteria for this review (Fig. 1). Full text re-
view for the remaining 24 articles was performedwhich resulted in
further 20 articles excluded. Six studies relating to health pro-
fessionals16e21 and eight studies not including nuclear medicine
patients.7e11,26e28 Further six studies were also not relevant due to:
i) literature review on medical imaging and exposure to ionising
radiation as public health issue29; ii) review article on a diagnostic
test itself30; iii) time trade-off methodology study applied to phy-
sicians31; iv) retrospective study evaluating radiation doses from a
particular radiological procedure32; v) cross sectional study to
analyse awareness and perception of ionising radiation applied to
public only33 and vi) a recent mixed methods study applied to the
general population with no speciﬁc nuclear medicine questions.34
A total of four studies were selected for inclusion in the review:
two mixed methods studies12,15 were appraised using MMAT, one
study13 appraised with MMAT for quantitative descriptive studies
and one qualitative study14 appraised using the MMAT for quali-
tative studies. No studies applied exclusively to nuclear medicine
were found, however, all studies selected included PET/CT patients.
One study also included bone scan patients.15 Nometa-analysis was
performed since the variation in cross sectional questionnaires,
sample population, sample size, ionising radiation exposure sour-
ces and comparisons was too wide to allow a meta-analysis. The
synthesis of the results is therefore descriptive.Thematic analysis
Recurrent themes
Across the four studies, three recurrent themes were identiﬁed:
a) Lack of patient knowledge regarding ionising radiation in
medical imagingmedical imaginge A review of Patient's (un) awareness, Radiography,
Figure 1. Flow diagram illustrating the four phases of the review.22
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in medical imaging, with a tendency to underestimate the exposure
and associated risk. The mixed methods study from the Australian
clinic12 (n ¼ 242, with 4 PET and 7 PET/CT patients) reported that a
substantial proportion of patients (48.3%) identiﬁed Magnetic Reso-
nance Imaging (MRI) as being a source of radiation and simulta-
neously failed to identify mammography, dual energy X-ray
absorptiometry (DEXA) and PET/CT as sources of ionising radiation.
The study conducted in Hong Kong13 (n ¼ 173, with 18 PET/CT
patients), reported that patients generally underestimated the
equivalent radiation dose from CT when compared to X-rays, with
only 32.2% answering correctly; and 60.7% and 32.7% failed to
identify Magnetic Resonance Imaging (MRI) and Ultrasound (US)
respectively as non-ionising radiation imaging modalities. The au-
thors report the ﬁndings as poor awareness and knowledge but
when compared to other studies,9 aimed at radiology and CT pre-
dominantly these ﬁndings demonstrate a slightly higher awareness
of radiation exposure. The qualitative study consisting of focus
groups14 also assessed ionising radiation understanding about
imaging modalities and reported the results were substantially
variable. They reported an overall knowledge that X-ray, CT and
PET/CT utilise ionising radiation, but with many participants not
conﬁdent that MRI does not use ionising radiation.
b) Lack of communication between healthcare professionals and
patients regarding ionising radiation dose exposure and the
associated beneﬁts and risks
The Australian study12 reported that 85.6% of participants
indicated no discussion on radiation dose exposure or associated
risk took place with the referring clinician when patients were
referred for a particular diagnostic imaging procedure and whenPlease cite this article as: Ribeiro A et al., Ionising radiation exposure from
https://doi.org/10.1016/j.radi.2019.10.002attending for previous procedures; 76.1% also reported that they
received no information from the radiographers with regard to
dose exposure and risk. The study from Finland15 (n ¼ 147, with 13
PET/CTand 11 bone scan patients) reported that only 3% (4 patients)
were informed of the estimated radiation dose and 1% (2 patients)
were informed of radiation risks associated with the diagnostic
imaging procedure. The study from Hong Kong13 reported better
results with 42.7% of participants being advised of the radiation
dose and 49.4% being advised of the risks associated, with 45.2%
expecting the clinicians to provide more information and 31.3%
expecting the radiographers to do so. This sample however is a
highly educated one which may have contributed to better results
and not necessarily be representative of a typical treatment
population.
c) Patient engagement in decision-making
The qualitative study included, conducted in 2015 to cancer
patients14 (n ¼ 30, unknown number of diagnostic nuclear medi-
cine patients included) has limitations in terms of generalisability
to non-cancer patients, but the ﬁndings are nevertheless similar to
the other studies included in this review and indeed to some of the
excluded articles.11,28 It showed that patients wanted to be engaged
with their clinicians on risk-beneﬁt discussions regarding ionising
radiation, particularly cancer survivors who during the course of
treatment and during surveillance have frequent diagnostic imag-
ing procedures. In general patients reported they would like to
receive more information “because tests like CT scans have been
offered for many years and doctors are obligated to know the risks”,
routinely this should be available and this could be achieved by
engaging clinicians and patients with the support of written ma-
terial. Similar results come from the Australian study,12 75.6% ofmedical imaginge A review of Patient's (un) awareness, Radiography,
A. Ribeiro et al. / Radiography xxx (xxxx) xxx4participants reported they would like to receive information with
regard to radiation exposure dose and the risks associated with it,
and engage with their clinician in making decisions about their
medical care. Only 8% stated they would prefer not to be aware and
not be involved in any discussions.
Global theme
The three recurrent themes from across the four studies can be
synthesised in one overarching theme - Informed consent for med-
ical imaging procedures.
The process of informed consent involves a discussion between
patients and carers, or both, and health professionals in order to
provide patients with sufﬁcient information in order to understand
what the procedure involves, what the beneﬁts and risks are, what
the potential alternatives are and what would happen if the pro-
cedure does not take place. The individual must have capacity to
make this decision and do so voluntarily.35
These studies have highlighted the lack of discussion between
patients and health professionals regarding radiation exposure and
its associated risks, and that patient's lack such knowledge about
radiation exposure and risk, failing to identify which procedures
use ionising radiation and the ones that do not.12 Similar results
were found in studies regarding the process of informed consent in
medical imaging, not included in this review.36e38 The included
studies also demonstrated that patients want to be engaged with a
discussion about their scanning options as part of their treatment,
including the risks and beneﬁts of potential alternatives. Informa-
tion and knowledge provided to patients forms the basis of
informed consent, which is compulsory as part of the imaging
procedure.
Discussion
The studies included in this review reported that patients lack
knowledge on ionising radiation exposure, there is a need to in-
crease communication between healthcare professionals and pa-
tients about ionising radiation exposure and patients expect to be
provided with information about ionising radiation exposure.12e15
Similar results from a study applied to professionals in 201139,
concluded that experts within nuclear medicine and radiology
should aim to educate and inform not only patients but also
referring clinicians who also lack knowledge.
A recent mixed methods study comprising a survey and focus
groups conducted in Spain34 aimed to evaluate the general pop-
ulation's understanding of the beneﬁts and risks associated with
ﬁve different imaging modalities, though not including nuclear
medicine, as well as their opinions on how that information should
be delivered. This study reported similar ﬁndings to this review; the
general population lacked information concerning ionising radia-
tion exposure frommedical imaging; and more information should
be provided to patients to make them aware of the radiation
exposure when undergoing scans involving ionising radiation.
This raises the question of who should discuss radiation expo-
sure and the associated risks with patients and at what point?
Patients and carers, radiologists, radiographers/technologists and
referring physicians have different opinions. Referring physicians
will discuss the clinical need for the imaging procedure but the
discussion about radiation exposure is more likely to occur at the
point of imaging, this alongside the referring physician's knowl-
edge about radiation exposure will determine what is conveyed to
patients.8,39 Local practice across institutions, imaging centres and
departments, differences in education and training in different
countries can also inﬂuence discussion of radiation exposure. Fac-
tors such as who do patients see when attending diagnostic scans,
information leaﬂets sent in advance or not, content of the leaﬂets,Please cite this article as: Ribeiro A et al., Ionising radiation exposure from
https://doi.org/10.1016/j.radi.2019.10.002knowledge of the healthcare professionals, all can inﬂuence the
discussion with patients.
A systematic review on communication of radiation risks from
medical imaging to patients identiﬁed that there is no consensus on
the subject, but there is consensus on the fact that information and
discussion should take place.8 Better-informed patients are less
likely to request unnecessary scans but simultaneously they need
to be correctly informed of potential consequences that can derive
from not having a scan.34
Healthcare professionals are seen as a reliable source of infor-
mation by patients and the imaging community should inform pa-
tients by providing them with clear information regarding the
beneﬁts and potential long term risks from their exposure to ionising
radiation so enabling patients to make informed decisions.40,41
The information conveyed to patients is not always consensual
as described by a recent collaborative project involving 15 Nuclear
Medicine Departments in England and Scotland and the Butterﬂy
Thyroid Cancer Trust who looked at the standardisation of patient
restrictions following the treatment of thyroid cancer. They found
that there is a wide range of variation in the advice given to pa-
tients, especially in respect of contact with pregnant women and
children under ﬁve. They proposed standardised guidance on
practice and radiation protection advice in order to improve pa-
tient's experience, understanding and compliance.42
The connotations of theword radiation is often negative and it is
therefore very important that health professionals are well pre-
pared to communicate and discuss with patients, carers and other
physicians the radiation exposure derived from a particular scan. In
particular, what they are most likely to be questioned about: the
risks involved by having such procedure. This is a common theme
across all medical imaging, but perhaps even more so in nuclear
medicine an imagingmodality not as widely used and less common
than X-ray or CT imaging.
The risk assessments from ionising radiation are based on the
linear no-threshold (LNT) model which has been in practice for the
last 70 years and it was introduced as a mean to simplify radiation
protection.43 It is based on the fact that any exposure to ionising
radiation, including very low dose such as X-ray can lead to carci-
nogenesis's and the risk is proportional to the dosee i.e. double the
radiation exposure dose means double the risk. The validity of the
LNT model is under debate in the scientiﬁc community with sup-
porting evidence contradicting the LNT model with an attempt to
inform the system of radiation protection applied at national and
international level for ionising radiation.2,44,45 Potential changes to
risk assessments may have an impact on how risk is perceived for
the different imaging modalities and what is communicated to
patients. The LNT model is, however, the commonly accepted
model and the impact of alternative models remains unclear,
therefore this review concurs with the LNT and the current risk
assessments for the different diagnostic imaging modalities that
use ionising radiation.
In the UK, recent changes in legislation have been in force since
February 2018. The Ionising Regulations (Medical Exposure) Reg-
ulations (2017) now state that imaging departments need to pro-
vide information to patients to ensure patients are informed of the
beneﬁts and risks associated with the exposure derived from im-
aging procedures. This will result in some departments having to
adapt their current information policies and content which will
hopefully improve the awareness of patients, public and the med-
ical profession of ionising radiation, the exposure and risks asso-
ciated with the various imaging procedures.
It is crucial that healthcare professionals understand and are
able to inform patients about the beneﬁts and potential risks of
ionising radiation for medical purposes based upon evidence-based
practice and guidelines.41,46,47 With the growing awareness of themedical imaginge A review of Patient's (un) awareness, Radiography,
A. Ribeiro et al. / Radiography xxx (xxxx) xxx 5beneﬁts of involving service users, patients themselves should be
engaged in the development of materials to improve patient and
public knowledge. Such an involvement would reﬂect a shared
decision making process where clinicians actively engage with
patients for patient centred care.
Limitations
This review followed the PRISMA guidelines but the protocol
was not registered with PROSPERO International Prospective Reg-
ister of Systematic Reviews. We followed the protocol faithfully
when undertaking the review, but we recommend that future
systematic reviews protocol use the PROSPERO database to register
their protocol prior to conducting the review to ensure trans-
parency in the review process and avoid duplication of reviews.
Conclusion
The ﬁndings of this review suggest that across imaging in gen-
eral there is a reported lack of knowledge from patients, a general
underestimation from the healthcare professionals concerning
ionising radiation exposure and a need for improved communica-
tion between health professionals and patients.
Healthcare professionals and the imaging community should
promote a discussion with patients and carers by providing clear
and appropriate information regarding the beneﬁts and potential
long-term risks from their exposure to ionising radiation enabling
patients to make informed decisions. Only four studies included a
small proportion of nuclear medicine patients, which demonstrates
there is a need for further research in patient's awareness and
knowledge of ionising radiation from diagnostic scans and thera-
pies speciﬁcally in nuclear medicine.
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